Objective: This study evaluates the roles of medical and social complexity in health care use outcomes in cystic fibrosis (CF) after transfer from pediatric to adult care. After adjusting for covariates, the strongest predictors of post-transfer hospitalizations are BLSS (P < 0.0001) and pre-transfer hospitalization rate (P < 0.0001).
to adult programs rely heavily on expert opinion, and the lack of outcomes data has left providers to make transition-related decisions without evidence-based guidelines. 4 Adolescence is a vulnerable developmental period where puberty and brain maturation lead to new behaviors that set the future trajectory toward health and well-being. 5 The literature regarding social determinants of health (SDH) in adolescence is expanding. 5, 6 Income, education, and family support influence adolescent health throughout the transition into adulthood. 5 SDH add another layer to medical complexity for patients with CF, likely influencing a patient's readiness to transition, increasing the support required to successfully transfer care, and affecting general health outcomes.
While data demonstrate that transfer to adult care does not necessarily exacerbate lung function decline in patients with CF, there is a paucity of data exploring health care utilization after transfer. 7, 8 Additionally, the effects of SDH on health services outcomes are poorly understood. Most of the current research with SDH in CF explores associations between clinical outcomes and various patient or family psychosocial factors. Health care utilization data, such as adherence, hospitalizations, emergency department visits, and outpatient visits may better reflect outcomes related to social and psychological characteristics, rather than clinical outcomes alone. [9] [10] [11] [12] This study evaluates the roles of medical and social complexity on health care utilization outcomes in CF after transfer into adult care.
We hypothesized that individuals with high disease complexity or high social complexity experience increased health care utilization after transfer.
| METHODS
A retrospective cohort study was conducted using data from patients in the CFF-accredited CF program at Indiana University (IU Overall 133 patients were eligible to be included in the study.
| Data collection
Data from the electronic medical record, CFPR, paper charting, and storage on body plethysmographers (Morgan Scientific, Inc., Haverhill, MA) was extracted to obtain the longitudinal data used in this study. Data points were collected at the time of transfer (time 0); the preceding 24, 12, and 6 months prior to transfer; and the subsequent 6, 12, and 24 months after transfer. Time 0 was determined to be the date at which a patient had the first visit with an adult provider. This occurred either as a transition visit (when the adult provider saw the patient at the children's hospital), the first adult hospital admission without a previous adult outpatient visit, or the first appointment at the adult CF outpatient center. 
| Defining treatment complexity and social complexity
The treatment complexity score (TCS) has been previously published and is a composite number derived from 37 chronic CF therapies. not been studied to measure health outcomes. However, it is a complexity tool that is both available for public use and includes family and social factors. The BLSS score is based on documentation from social work, care management, and physician notes at time 0. BLSS scores were compiled retrospectively by EC and CB performed a reliability audit of these scores.
| Statistical analysis
Averages and frequencies of demographic data were determined using descriptive statistics. Inter-rater reliability for the audited BLSS and TCS scores were calculated using intra-class correlation. Pearson product moment correlation was used to determine relationships between TCS, BLSS, and hospitalization rates and outpatient visit rates. Multivariable linear regression was used to predict post-transfer hospitalizations from several variables that were significant with bivariate linear regression: age at transfer, FEV 1 % predicted at transfer, BLSS, TCS, depression, pre-transfer hospitalizations, posttransfer outpatient visits, and gaps in care.
Covariates were included in the model if the P-value ≤ 0. 3.1 | Inter-rater reliability for scales 
| Health services outcomes analysis
Among the overall population, there was a decrease in the number of outpatient visits per year after transfer and an increase in the number of hospitalizations per year. However, this was not statistically significant (Table 2) . A higher TCS correlated with outpatient visit rates before and after transfer (r = 0.31, P = 0.003, and r = 0.33, P < 0.001, respectively as well as hospitalization rate before and after transfer (r = 0.45, P < 0.001, and r = 0.41, P < 0.001, respectively). A higher BLSS did not correlate with outpatient visit rates before or after transfer (r = −0.03, P = 0.8, and r = 0.08, P = 0.36, respectively). However, there was a strong positive correlation between BLSS and hospitalization rates before and after transfer (r = 0.7, P < 0.001, and r = 0.72, P < 0.001, respectively). (Table 3) . After adjusting for covariates, for every one point increase in the BLSS, the number of hospitalizations will increase by 0.5 and for every hospitalization prior to transfer, the number of post-transfer hospitalizations will increase by 0.6. This relationship is illustrated graphically (Figure 1 ).
| DISCUSSION
In this patient population, treatment complexity correlated with health care utilization for both outpatient visits and hospitalizations, and social complexity significantly correlated with hospitalizations but not In a study of pediatric patients performed in Western Australia, marital discord and family psychological distress were significant predictors of increased hospitalizations, emergency department visits, and outpatient visits in early life CF after adjusting for disease severity. 22 In a population of pediatric patients with noncomplex chronic conditions, it was found that having social complexity risk factors were significantly associated with the need for care coordination. 23 As previously defined, the TCS was studied to evaluate change in medical complexity over time and site-specific health outcomes, but has not been used as a predictor of individual health-related outcomes. 15 This study demonstrated that the TCS significantly correlated with both outpatient visit rates and hospitalization rates before and after transfer. These results are intuitive: as patients' disease progresses, their medical regimen is likely to become more complicated. Additionally, they are likely to be seen more frequently and have more frequent hospitalizations for disease-related issues.
A recent study validated social complexity risk factors in relation to care-giver reported need for care coordination. 23 This study used state administrative data to collect social complexity risk factors; several of these are the SDH captured by the BLSS. Like the TCS, the BLSS has not been studied or used as a predictor of health care outcomes. Strikingly, the BLSS correlated more strongly with hospitalization rates before and after transfer, while it did not correlate with outpatient visit rates. Arguably, hospitalizations are unplanned sequela of poor disease control, while outpatient visits are planned attempts to prevent these sequela. These results support the hypotheses that patients with higher BLSS scores are more likely to have a lack of ability to navigate the health care system, unstable disease due to psychosocial factors out of proportion to disease phenotype, and a lack of resources or support outside of the healthcare environment that leads to hospitalization rather than outpatient visits.
When transferring a patient with CF into adult care, it is imperative to recognize and acknowledge not only the developmental needs but also the relevant SDH in order to communicate the need and provide appropriate levels of support to foster independence and successful self-care. While prospective validation of the BLSS needs to be performed, this study suggests that the BLSS may have value as a screening tool for health care use outcomes among this population.
Prior observational analyses have shown that hospitalizations in patients with CF are independent predictors of lung function decline and that a pulmonary exacerbation treated with intravenous antibiotics is a strong risk factor for future courses of intravenous antibiotics. 24, 25 Furthermore, SES, environmental factors, and insurance status may influence whether a patient receives intravenous antibiotics at home or is hospitalized for the duration of therapy.
Taking the risk of a prior hospitalization leading to a future hospitalization into account, we included this in our multivariable analysis to see how it interacted with social complexity. We found that along with pre-transfer hospitalization rate, the BLSS is a strong contributor to the post-transfer hospitalization rate. This result is consistent with the correlations between BLSS scores and hospitalizations, both before and after transfer of care, as those patients with high BLSS sustained increased hospitalizations.
Our study has several limitations. First, it is a retrospective review from a single center. One of the challenges of research surrounding transition is the variability across center practices. While the transition practices at Indiana University might not be generalizable, our patient population was consistent with that in the 2015 CFPR. Second, the time period of our study was over 4 years and this might not be enough time to fully appreciate a clinical decline in otherwise stable patients, and 2 years after transfer might not be long enough to capture those patients who become fully independent. We collected the CF-specific comorbidities and demographic variables of marital status, employment status, schooling, etc at the time of transfer. We chose this approach in an attempt to better understand the population transferring into our adult program. However, it is likely that these specific demographics would change over 4 years particularly, over the age range of transfer (19) (20) (21) (22) (23) years old) in this study. Transition and transfer not only reflect changes in medical care but also in life, specifically as an adolescent moves toward independence. These changes would likely have an influence on the outcomes measured in the 2 years after transfer, in either a positive or negative way. For instance, if a subject was employed, you would hypothesize that this could be a positive factor-in that they now have steady insurance through an employer. This could also be a negative effect, in that now they have less time for treatments. Likewise, you might hypothesize that the subject's educational attainment might heavily influence their health literacy. Third, the TCS score was based on a medication list, rather than patient interview or refill records and does not account for patient adherence. Last, neither the TCS nor BLSS have been validated to predict health care outcomes. While the BLSS appears to be a valuable tool, and we worked to operationalize definitions for each domain relevant to the cystic fibrosis population, another limitation of this scale is the "Special Issues" domain. This domain is a broad category that is probably influenced most by subjective assessment. It was scored in the moderate range, as the least closely aligned item and may benefit from more clarity of anchor definitions.
| CONCLUSION
Our study demonstrates a strong correlation between complicated social situations and increased, sustained hospitalization rates before and after transfer to adult care. Additionally, social complexity as measured by the BLSS, along with pre-transfer hospitalizations are significant predictors of future hospitalizations. From this study, we can conclude that those subjects with increased social complexity sustain an increased rate of hospitalization before and after transfer, whereas outpatient visits decrease. This study is an early step toward understanding the important psychosocial and family factors that influence health care utilization outcomes in the CF population. Future studies are required to externally validate the BLSS, as a quick and complete screening tool to identify patients who are at risk for increased health care utilization. This could lead to successful interventions FIGURE 1 Subjects with increased social complexity and increased pre-transfer hospitalizations had increased hospitalizations after transfer to adult care to a greater degree than those with increased social complexity and fewer pre-transfer hospitalizations. This graph shows the distribution of patients when divided into 2 groups: ≤1 hospitalization in the 2 years prior to transfer (black) or ≥2 hospitalizations in the 2 years prior to transfer (gray). As the social complexity increases (BLSS score), so does the number of overall hospitalizations both before and after transfer. It also shows that in the patients with high BLSS, pre-transfer hospitalization seems to have an influence on the number of post-transfer hospitalizations. Several points are overlapping. BLSS, Bob's level of social support
